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M« HC300099 awarded by tne «a 
under Grant No HG^ao ^^^^^^^^^ has certaxn 

institutes of Health. The g 
«>,<-c: in the invention. 

; ZITat^s to a method for 

-rrmi^^^^^^^^^^^^ nucxeic acid 

detecting -^^^/^^^f^ , sample. More specifically, 
sequences xf presen ^^^^^ detenaxnmg xf 

i"--^"" ^^'^'"^1 sequence is present in a 
a particular DNA °^ .^"^ ^^^^^^^es to discriminating 

sample. The i--^;;°\"'^t,frr from each other by as 
between sequences which dxf 

Uttle as a single nucleotxde T ^ ^^^^^^ 

single or double ^^""^^^ ' ""^^^^^^ nucleic 
species or a — nren^^on utilizes a novel 
acids. -^^;^ji;^ence Of the primer is 

primer desxgn. The sequ ^^i^n is a primer 

^°-^°r Tor":::: sequence and 

specific for tne ^c. y preselected 

por.lo„ is 3. portion 

nucleic ,=ia '7.,,,ra Te^'^ucieosi.es 

triphosptote yieias a tho target 

but only if. the '~^^"„ p„a„ct is detected 

.e^enoe. T.e ^^^"^ -rp:«icn to tHe preselected 
by hybridization of the 5 p 

^nrZT^^^^^^^ unique. Not only a 
The genome of an o y ^.ffer but the 

- -Tdr.reri"ars t^ina species 
r^errwit"- -eption o. identical twins or 
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w differences provide individual and 
• rrflc craracterisLcs whic. can .e used 
species specxfxc cha biochemical 
iaentif ica-on -^^^^^ ^..^.^^e 

::rar :e::rn:;U dependen. .or .neir 

specificity on P-^-tcTcIdTard diagnostics is the 

T tTfrc nucretc acid sec^ences. X.is 

detectxon of specif ^ specific 

,oal often -^"^/J^^^, ,,^er sequences. In 
sequence .n ^^^ ^l^^^^^^^^,^ .iscriminate between 
certain cases i^t xs n sequences which 

closely related sequences, 

.iffer hy only a ^^--';^;^;^Z\n\.ri^^^ 
.ethods for -i-j;;-,:nL use of allele- 
publications. For exa p hybridization probes 

Thein. al SE^^^JTZ^k^^^i-JSii S0 = "»-"= 
coimor, et al., - , „„„. Genet. 

(1983); studenokx, et al., ^ „ EMl^iMsa, 

37 = 4^-=! (1985,, Pirastu, et al S^^^y^^ 
309:«4-«. (»83), Ortin, et al.^ __— 

/iQR-i^- Thein and Wallace, xiit? 

^,775-779 <1^">'^^ specific hybridization 

synthetic oligonucleotides as P ^^^^^^^^ ^„ 
probes in the diagnosxs of gen^^^^^^ ^^^^ 

Human ^--^ p/ess), PP- 33-50 (19Se)). 

Davies, ed. discrimination between 

This approach f/^^^ ,3 ^ttle as a single 

nucleic acids ^^^^^ ^ individual hybridization 

nucleotide f^;;^/;, ,,,, .xiele to be 

reactions ^^^^^^'^ ^ Kur^j^IffiS-ogen^ 

detected. Erlich, et al., ^^.^..I.. ^^ds Res. 
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Tn this method, a set of 

«0 pro.es ^l^^'-^:;^,^.... Chain paction 
h,Miaizad label- 4„pria« =ondit:icns 

,PC«) products, under hybridization 
ny«ldizat.on 1= f J„,,,,ication reaction, 
can analyze ""Iv » " « detection of 

The present inventxon »11°" template 
.pecific se^-es^n a sa.^-- ^^^^ 
specific step "^e JJ base pairing 

controlled by ^„ Js allows detection of 

requirements, the overaii p 
i;«iple te.plates «.d -Itiple samples 

simultaneously. amplification was 

would result xn a fxnx proposed, 
procedure for ^ ^J^^^^ ,^,„,i.e studies of the 
Their procedure was based replication 

repair replication reactxon, ^^^^ — .^^er 
^ usina a complemen-caxy f^-^ 

cf a CH» template ^rn, ^^^^^^^^ 

(Kleppe, BUEES)- \,.„atur.d to form single 

,..„.e o»A duplex would "e denatured 

strand.. -"^'/^'Hrf IcieX °^ 
i„ the presence of a su* ^^^^^ 

two appropriate primers. P <,o„taining the 

r r Of Te re::i::e:;r:nr,:propriateiy 

full length of the temp ly^erase will be 

completed with the prx«er. replication, 
added toco^plete the process -/^^^^^^^ 
TWO molecules of the or^^^-.lj^^^l^^ ^^^^^ 

The Whole --^^^^^^^^^^^^ More 
every txme a fresh aos ....^^tion process has 

i-his in vitro amplxf xcatxon pr 

recently, thxs xn — polymerase chain 

been further developed xnto the p y 
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w « in this method, a set of 
i-o--^-^-:Xu^e, on a Urane and 
,SO probes ^^^ J;^^^^^ cnain reaction 

hybridized wxth labele P ^ ^^^^ conditions 
(PCR) products, under ^PP^^.^^^ ^^^^^ hybridization 
hybridization^i^ 't'^fngle amplification reaction 
can analyze only a ^^^^ detection of 

The present invention ^How template 
.pecif ic se^en- - a -pX^ ^^^^ 
specific step and the ^^^e^^ base pairing 

controlled by -^^-^^^l^rocess allows detection of 
requirements, the ^^^^^^^ 
multiple templates ana m 

simultaneously. amplification was 

The concept of in - ^,^^3 m 1971 

.irst proposed ^ ^t^.i-oei (1^71)). 

(Kleppe et al . ^^^...^is of a gene 

Realizing that „f product, a 

would result in a ^^"^^.^ „as proposed, 

procedure for in vitro ^^^^^^^ ^^^^^^ ^^udies of the 
Their procedure was based on extens 

repair -^--re^rnrrcCx-ntl^Tpri- 
of a DNA template using ^^^^ ,3 follows: 

(Kleppe, suEra) . Their P P ^mgle 
..The DNA duplex would ^e carried out 

-ands. ..is -;;~,;riy large excess of the 
in the presence of a suf ^^^^^ 
two appropriate primers^ P ^^^^ „,t,i„i„g the 
hope to Obtain two structur ^, ^^^^ ^^^^^..^ately 
full length of the templa ase will be 

complexed with the P""*^"' ^^^^/^^pair replication, 
added to complete the process of P ^^^^^^ ^^^^^^ 

^o molecules of ^^^^l^^^^^^Z . there being added 
The Whole be^^^^^^^^ 

every time a fresh dos .^^^ion process has 

recently, this in ^^^^^^^ polymerase chain 
been further developed into the p ym 
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4,683,202). ""'"J'^^i^^e^enoe Mcanse » larger 
aetcctiort df a P--^'""'" analysis, pcst 

,.oun. o. retired .o ae«c. 

amplitiction steps are product. For 

specific sequences »x0.in the P 

e»»p.e, «o - r-^,„„ _ious 

^"^""°:tn"es "^rprai.. et ,i.. Bi2-«.«^ 
disease '"^^^ ^.^^ (1987): sailci, et .1., 
S^^^-^^.li;! (1986, , Farr, et al., Procjiatl^ 

^;sr8"l62"l633 (1988), Sai.i, et al., 

15-®=^^^^^ ^1 ,1987)) . The present invention 
^ 329-.293-29J^ (19S')) ^^^^^^^^ 

::ri"::a"orprd«ts to deter^me the presence or 

TI " Tnot-Hod for determinxng 

^is invention P'77;;,7*r„„e,eic acid 
the presence or ahsen discriminating 
seguence P-""*^ sequences even i. such 

between " ° hv a single nucleotide. The 

sequences dilfer on-y stranded 
„„cleic^e,uences^a^ ^^si^.^^^^^ - " "^"'^^^ 
"•"^ " lis !r a component o. a nucleic acid 
^Zr-Z Z he P-- -rgaSofSlification 

rctrrhr.^rii:ro. . pri,er 

extension. ^4-4 entails extension of 

The »ethoa o. the invention en«^^^^^ ^^^^ 

, novel two ""^'f /"^.^^.^eic acid sequence, 
or. »ay not include a target nu 
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. the primer is complementary to a 

portxon of the t P ^^.^^^ 
sequence. The 5 P ^^^^^ preselected nuclexc acxd 
complementary to a a portion of the primer 

sequence ..^ons-^^^^^ ^^,„,es yields a 

with a labeled „„iy if, the 

labeled -extension P^J^^^ ' ^ presence 
template includes the ^^^^^^ is 

of such a labeled primer ex^«..» " ^^^^^ 

to the 

.e«=tea W '"'""^^'"^/^.rselected se^ence is 

preferably x».<.bil^«a ^eauence, i-.obili2:ea on a 
Plurality "Trray .=r concurrent 

rrt:nt:"r.':raii.y — — 
-°^r pt:j^rar::bo.i.en^ o.^e i^^^^^^^^^^ 
" — rrsria^rerbra ..«c.ive 

""tr rpe^fc-i- sucn a diagnosis are 

""%irurrn;pic.B one e*odi.en. of «e invention. 

, Llicts a solia support having a 
,1 Jatir- P-ele=tea se^ences i-obili.ea in a 

particular .°" '^"tpplicatlon of the present 

Figure 4 aepicts ^ huMn 

invention for the detection of allele 

, aeoicts the genotypic analysis of ten 
Figure 5 depicts tn i 

individuals for alleles at the WE 

invention. 
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nP.FTNTTIONS 

•r> the following words have the 
AS used herein, the ioj- 



It can 
It 



„.eanxng set a nucleic acxd 

..Oligonucleotide nucleotides, 

sequence, composed of ° ,ften 

,e derived fro. natural sources ^^^^^ 

synthesized chemically. ^ component 

is generally used as a primer,, a pr 

of ligation ^^^f oligonucleotide which is 

..primer" refers ^° ^" °^;^^y„^^e3is by a template 
used to initiate -^<=1«^= polymerase. The 

dependent polymerase such as a DH^ P ^^^^^^^^ 
primer is complementary to a porti 

nucleic acid. process of 

..primer extension ^ J^^^^^^.^ template, 
elongation of a primer on nucleoside 

using -P--^-^\::"rt:'drp;ndent polymerase such 
triphosphates, a ^^^^^^^^ ^^^^ , nucleotide 

complementary to the temp ^e. The 

. primer which is -nealed to a t p 

^^^--i:::^'.^:^^^- - omy a single 
complementary in a primer 

nucleoside nucleotide will be 

forms of a gene o y.j sequence of 

on homologous c^^--^^/; other by at least 

alleles of a locus differ rr 

r/atretHlfers to the nucleic acid sequence to 
be. detected or discriminated. 
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, « -refers to a nucleic acid which may or 
"Sample" refers t nucleic acid 

-V not contain the target^ ..e^^^ P^^^^^^^ 

.ay be DK. ^ i„ the sample or 

present .n ^ ,„ sample. In the 

one component of a mxxt ^^^^^ 

rr.rcaSrn - r/r ra::^^^^^^ 

^'^^T;..rrpe:i;ic primer extension 

inod as disclosed in copending application 
to a !%^^3\3, ,i,ed April 10, 1991 pursuant 

serial No. 07/683,137 annealed to a 

to which an oligonucleotide primer ^ 

! 3' with respect to a nucleotide 

DNA or absence of a target 

indicative of the P-^^ . ^ ^^^nded in 

~ allelic v---;-^; J!^:/^^^^ in „.ich the N is 

the presence of "^^^^l .^^ indicative of the 

eomplementary^to -e nu^^^^^ target allelic variation 

presence or aosence wo. 

.l,ures. AS Shown by .igure l^he 3 ^P ^^^^^ ^ 
primer is complementary to a sequ ^^^^ ^ 

target sequence which may or may not b p 
.amole The 5' portion of the primer is 
sample. The P preselected sequence 

complementary to a Known ui- f ^ 

portion of the primer f ^^^^ ^.^..^n^ from 

preferably each portion of ^^^JJ^^^^l ^^^^ 
about 10 to about 100 nucleotides. The wor 
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„ of plus or minus ten 
indicates a variance e.g.. of P 

nucleotides. principle of the 

Figure 2 and discriminate 

invention as aPP^i^d to .J^ent^^^ ^e^ences which .ay 
^etw.en two allelic n-^^;^^^,^, ^,,,er hy a single 
- P-ent in a sa.p^--^ ^ ^^^^^^ .....in 
nucleotide As .1^ ^^^^^^^^ 

either "A-T" - / .^d to the alleles 

The prxmer IS hy nucleotides 
i^ediately adjacent ^ _ reactions are 

responsible for the ^^^^^^^^ ^^^^^^^ aeoxynucleoside 
performed with each of fo p^,,er 
triphosphates in^^^^^^^f ,^e primer for each of 

extension reactions will 

the different ^^^f ^^^^ ^y Figure 2, the 

specifically ^^^^/^/^^ /^^^d to hybridization 
amplification P-^^^J^^, J . 3 ' portion 
with a primer ^^f.^,. ,,,ele which is then 

complementary to ^^^^^^d dOTP. Extension 

subjected to ---xon ;i'n ^^^^^^ 
„ill occur only wxth dTTP ^^^^^.^^ ^^.,^3 „ith ATP. 
present in the sample. 

dCTP or dGTP. .vtension product is screened 

T.e labeled P^^^/^^^^/^i/n of the labeled 
by ^y^"'^^^^^^ /'irsupport depicted by Figure 3. 
primer with the -^^^ =J^^ .^^ences contains a 
Each location on ^^^/",^„„,,ieotide. The solid 
different P-selected olxgon^^^ ^^^^^^^ ^^^^^ 

support may ^^°yJ,,,ted oligonucleotides 
locations. The presel ,.„tions are 

i^obilized at each ,,^1^ 15 to 25 

preferably at least -0 preferably, but 

nucleotides in leng-.^ ulder substantially the same 
rnrt::ra: e^ch location on the array. 
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ae.ec.ion of nuc-.c acx ^^^^^^ ^ ^^^^^^^ ^^^^ 
sample were suspected c ^^^^ analyzed 

specific for a pathogen, the sa.p ^^^^ ^^^^^ 

tne P-;--n portion specific for the 
synthesized wxth a 3 P ^^^^^ ^omplei^entary to a 
pathogen genome and a P ^ ^^^^^ ^.^^^^ 

preselected ^^^^^ amplification by PCR. 

analyzed directly or after P ^^^^^^ 

The present i^--^^^^^^'.^^.^^ on the basis of 
discriminating between xn determination 
genetic differences. different 

of Which -^^^-;^^:f,,^;run.ed loci would provide a 
dimorphic, genetically ^^^^nce to 

powerful method --^^^^^^^^/Z/^ individuals. The 
discriminate between dxffere transplantation 

present ^^^^f ^/^.r::. ;h alleles are present 

medicines. f 7^™;;U^.idual. 



EXEerijnenta^^ 



i^yp^. 

step not shown, involves the 
The ^--^ f/^^\3,get sequence with a prxmer 
amplification of the r g ^^^^ ^^^^g. 

the next step hy „._,iew of the procedure 

,,^„ 4 sho-s " ^^,3 .,,^ie to «.e 

""i."T;:r::;imeri.^-''- se^-- ^---^ 

detection of the amp 

at the TVR locus P^^-^^^^J^^ ^.^ps. This 

The method ^ -^^f^.f/rpeciflc in that it is 
procedure is locus ^^^^ ^^^^^^ presence of 
designed both to -P^^/^^^'J determine the target 
the amplification product and t 
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...... ^o.^^^- — 

— ^^^^%:r/::rc.Tave L co^n^on ingredients 
extension J^^^^ p^iiner. and the AmpH-Taq 

.ne OHA --^^;^-^::%33e,,ons differ in that they 
polymerase. The two triphosphates: allele 

contain different -^-^^l^,^^ ^l^f allele A2 

- is-aetected ^ ,...er is a .0 

by including a- ^ ^^^^^^^^ide which includes two 
nucleotide long having a different 

different P^-^-^^^^.^.^ical to the sense sequence 
role, sequence Y xs x ^^^^^^3 i^ediately 

of the TYR gene wxth xts 3 ^^.^^ 
flanking the polymorphxc base^ extension 
;^PE prixaer participates xn t P 

reaction. V sequence xs ex ^^^^^^^ nucleotide 

OK. PO^V^erase Whenever a^^^^^^ ^^^^ ^^^^^^^ 

complementary to the P^^^^^^^^^^ individuals 
the reaction, for , the ASPE primer 

^omo.ygous for ^^^/f r^^^^'^^lbeled dCTP. .-32p 
„iXl he only the ASPE primer when a 

labeled TTP -^^J^^^^^^^,, homozygous for the 
DNA template from xndxvid ^^^^^^^ nucleoside 

,yK-A2 allele -^^J^/^^;, ^he ASPE primer for 
triphosphates will individuals. It 

PKA templates ^/^^^^^late is present, no 
snould be noted that if ^^^^ ^^^^^^ , 

labeling of ^J^l^^^^ ^ oligonucleotide, thus 

is complementary to a g ^^^ension product on 

permitting capture of the pri 

the grid. united to the described 

lire "t o. the pri.er 
steps. For e=.a«ple, the l ^sing 
tension product c^^^^^^^^^^ 

:nrr"n"crsiae t.ip.osp.ate,. ..e capture 
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. >, bv hybridization in solution to 
could be accoBplished by hy ^^obilized 

-' Hint'-- r--""" 

Oligonucleotide^ «er ^ ^^i^es for 

PS 250 DBA synthesiser. 0119 ^ „re 

^.plifyln, the r«iae used in the 

purified hy HP«. The oJ^i,on ^^^^ 

allele specific '^"^ ^^^^^ed hy a 20* 

primer) ».= P"'""'^ "^"^ sequences of the 
:ri:::iroU,o::ro "des-utili«d are presented in 

Ta^^® ^' TABIjE_l 

Oligonucleotide Se^ences Specific .or T« 



TYR 1 
TYR 2 
ASPE primer 



5 ' GCAAGTTTGGCTTTTGGGGA 
5 ^ CTGCCAAGAGGAGAAGAATG 
,,^.C3TOC.TC=TCTCTCOC.ATOTCTCrCCA«T^« 

• ,,-F arid oUaonUSiSSti^ 
CheBical^Bffithes^^ to the nylon 

The grid ^^^^"""f "°^'^tlows: 3'Aiaine-ON CPC 
membrane was prepared as ^° cruacheia and 

colu^s (0.2 ..ole) synthesizer. Three 

.ere used on the ^^f^^/'.^^titutes were coupled 
,,3 propanediol -f^^;^^^^ ,,,piing the grid 
directly to the coluxon prxor ^^^^^^^ ^ 3 p,,opanediol 
Oligonucleotide Jentially as described by 

phosphoramidite was ^^^^"^^ ^^3. 15:3113-3129 
seela and Kaiser, ^^^^^^^^^^.^Z^ in the X 
(1987) . This phosphoramxdxte was P 
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^-H^sizer For example to synthesize 
position of the ^y"^'^^""^^; detection of TVR 

..e grid o^^^on.o..o.^^ ^o^-^^^^^ _ 

ro.r.errernor;^^^^^^^^^^^ - oli.on.cleotiae 

nli-T ^•■""^^'^^^ id oligonucleotides 

— "*;;^7;;;^es contaxnxng the gr ^^^^i^eAcids. 
were prepared according to Zhang. ^ ^e^ranes 

^ iE:3.-3S33 (1 ex . B-m. ^^^^ ,,,, 
(Pall Biosupport ^^J (i-Ethyl-3-[di- 
..eated for - -^^/J l^^^e hydrochloride) (w/v) in 
.ethylaxaxon P-P^^^/^/^ activation process, the 
deionized water ,^ , ,ell Bio-dot 

membranes were xminedxately s 

apparatus (Bio-Rad, ; „ .^^i,^ bicarbonate 

oligonucleotide was m.xed ° " ,3 

buffer PH 8.4 and applxed to the m 

minutes. The .e^ -//^.^^Hrd then treated with 
Tween-20 (Tris buffered -^^"^^ ^,,^,,3 „ere rinsed 

0.1 N NaOH for 10 minutes. Fxnally. 
with deionized water. 

. A3^ele_SEecific_Detec^^ 

^SSlS^^^^S^SL^Simi^^-- unrelated 

Blood --P^-^"-^terularTe!ght ON. was prepared 
individuals .sing Triton X-lOO 

according to a J" ^^^^ treatment (Bell, et 



al., proc. 
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OH* (=0„9, «o. t„ r ^^^^ ^ 

„Uh a ^",oe„BanU Accession m71.0; L=»s 

tyrosinase gene (TW) ( containing 50 m 

HO,^) in a 50 pl ^ ^ 0.01% <w/v) 

KCl, 10 r« TrlS-HCl (P«^»;">; „ ^ SATP, dCTP, 

gelatin, 10 ,-=1 :rXu-". 

«P and 2^5 ^^^^^^^ ^ , 

Elmer cetus). The r ^i^ure was 

cycler , ^i^.tes, the cycle was 

denatured at 91 = 1="^ -t 65-c for 1 minute 

continued by annealing the ^ „^„„^,. „ter 

end extending ^'^X^^;^:;;,Ltured at «-c «r 30 
extension, the samples v aenaturation 
seconds. The annealing -"■>=-^; ,,,, ^^ele, the 
<^cle was repeated l" -''^^^^^'^J , „i„„te, at ,.-c for 
samples .t i c until analysed. 

2reactions: ^alitY of the PGR products, 

order to centre remaining 

S ,1 were ^/"/„',;",tated twice using M 

'^.^iracrtranrio :g . gl,ccge„. The pellet was 
resuspended in H2O (100 A)- ^^^^^^^ns: 

Each allele-spec.f xc prx^er , ,1 

were performed a 10^.1 ^^^^^^ ^^^^^^^ 

of PCR template, ^ °^ ^ ^ „gcl2) , 0.01% (w/v) 

Tris-HCl pH 8.3, 50 mM ^Cl. 1-^ ^ ;^pli-taq 
,elatln, 0 • "^^f ^0/- :;pt::ia^ »--p..aheled 
polymerase, and 0.5 ^ ci/m.ol) . To analyze the 

„..leotide 'J-^^^^^yZ'^. — 
:::;rrtrtrseparate primer extension reactions 
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::a\o Unas usea 

reaction, samples wer 

hybridization. hvbridizStieilJiSSiie^' 

All the *^y*'"''^'^^„.rifuge tubes using 
,t 55-C in 2 Bl ^^«°°^"'^"r!L3 scientific, 

volume (Hybridizatxon solutxo ^ ^^^^ ^ ^ ^^^^3, 
sodium phosphate pH 7. ' * ^^^^ sxim milX 
SOS, O.S% (v/v) ,0 .g/Bl nomomix BKA 

(Carnation, .LUnsion reaction). After 

L product of the P--//^^^^ ,,,hed with 6X SSC (IX 
hybridization, the f xlters ^^^^^^^^ 
SSC = 0.15 M NaCl, 0-015 ^^^^i^graphy of 

Temperature for 15 -"^^"^^ ,^^\.;^5 film and exposing 

corp. , S» Die,= , ^^,^,,,^i„„ „e =h=»n in Figure =. 

«o« ".^-^ °' 'Te and 10, and £=ur are 

he«r«,90»s (2 allele- 
homozygous £or EXMIPl§_n 

S^ii^ii«7^d«i3I.^L^ 
n^fe ^dtX Ui-.io„ .eac.»n, « 



50% G+C. 
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■.n a single hybridization temperature 
be carried out wxth -^^^^ oligonucleotxde 

for all --^-''''^^'JX.^ by starting with the sequence 
sequences were ^^""^^"^ „^ ^ach of the four bases) . 
s^ocaoGCccccTrrTTA^ ^I'Lized by the randomi2ATION 
This sequence J^^" randomize all) within the 
option (group leng^ i;^rilegenetic Suite software for 

sequence in the list. 

of grid oligonucleotide sequences 

rcTTAACGAAAGCTGCGGTCT 
r TTCGAGCTCCAGTTAACGAG 
rCTCTATGTCGGAAGAGCCA 
CATAATGCGGTCTCGATACG 
M?TGCCGTCCGTAGGACTAA 
^-/^T^ rifpATnGGGA 



5'C' 
5 

5'C 
5 'A' 
5'T 
5 

5'0 
5'A 
5 

5 

5 

5 'A' 
5'A< 
5 'AC 

5 

5 

5'C' 
5'G< 



.TTGCCGTCUUVLAW"^ 

TCTATCACGGACTATCGGGA 

TTGTCACAGGCACAATGTGC 

::gaagagccatgatgcttct 

AGACGTCGTCACGATTCTGA 
ACACGTGCGCCTGGAATTAT 
CAGGTGCCATATAATGGTCC 
TGGCCATACCAGACTTTAGG 
-.TGGGCTCCTGCGTAAATCA 
«nomrwtwrr;AGCAAA 



' ATGGGC'i t;v,-i.«^-«-"— 

' AGTGCGCTCTCTTGAGCAAA 
/ ACTGTTACCGGTAACTGACG 
' GATATACCATTCCAGGCGTG 
, > TCCGGCTCATGGTAGAATAC 
JTTACAATATCCGGCGTGGA 
IGGTATTCTCGACCAATCAG 
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^ditional grid oligonucleotides can be 

n^e.g., S'AAATTTrTTTGGGCCCCCCC, 
5 ' GGGGGGGCCCAAAAAATTTT) . 

is the removal of "^^^ ^ subjected to 

(dNTPs) , if present, ^^^^^ ^e accomplished 

the prixaer extension precipitation of 

Kv several methods including ethanox p 
by severax described in Example III) , t>y 

the template e„,y«e or by 

destruction of ^-^^J^J^ separate 
Chromatography on a x ^^^^ ^^^^ 

polymerized nucleic column of DE52 was 

in the latter approach, a "lu 

np«;2 fWhatman) was suspendea in 
prepared. DE52 (Wnai. ; „ 7 5 (TE) such that the 
containing 10 mM Tris-H ' P suspension 
ratio Of 0Ea3 to -/f/J^ l^^,* .^ropipette tip (e.g., 
,0.2 ml) was P-f^^-;;/.,,,, pipetmanTM) „hich had 
the blue tip washed with 1 ml of 

been plugged with glass ^^^^^^ ^ polymerase chain 

TE. The sample (e.g., ^ ^^^^ applied to 

reaction) was "^^^"^"^ ° ; ^re. The column was 

the column under slight a- P^^^^ ^^^^ , , 

washed with 1 ml of TE. 1 ^ 

extension reaction. 
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SEQUENCE 



T.ISTING 



(1) GENERAL INFORMATION: 

(i) applicant: R. Bruce Wallace 
- (ii) TITLE OF INVENTION: 

r.^ nETECTING AND DISCRIMINATING 
METHOD Of„,^???S^ACID SEQUENCES 
BETWEEN NUCLEIC At,xu 

(iii) NUMBER OF SEQUENCES: 25 
(iv) CORRESPONDENCE ADDRESS: 

(A) addressee: City of Hope 

(B) street: 150o" East Duarte Road 

(C) CITY: Duarte 

(D) state: California 

(E) country: united States of America 

(F) zip: 91010-0269 
(V) COMPUTER READABLE FORM: 

(A) MEDIUM type: 3M Double Density 5 
1/4" diskette 

(B) COMPUTER: Wang PC 

,C, OPERATING SYSTEM: MS-DOS (R) Version 
3.30 

(D) SOFTWARE: Microsoft (R) 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION number: To be assigned 
(Bj FILING date: 15 June 1992 
(C) CLASSIFICATION: Unknown 

(vii) PRIOR APPLICATION DATA: NONE 
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(Viii) ATTORNEY/AGENT INFORMATION: 

(A) name: Irons, Edward S. 

(B) REGISTRATION NUMBER: 16,541 

(C) REFERENCE/DOCKET NUMBER: None 
(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (202) 785-6938 

(B) TELEFAX: (202) 785-5351 

(C) TELEX: 440087 LM WSH 

(2) INFORMATION FOR SEQ ID NO:l 

(i) SEQUENCE characteristics: 

(A) length: 20 

(B) TYPE: Nucleotide 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: DNA 

(vii) IMMEDIATE SOURCE: Synthetically prepared 

(viii) POSITION IN genome: None 

(ix) FEATURE: None 

(X) PUBLICATION INFORMATION: None 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 

5 ' gcaagtttggcttttgggga 
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INFORMATION FOR SEQ ID NO: 2 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleotide 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: DNA 

(vii) IMMEDIATE SOURCE: Synthetically prepared 
(viii) POSITION IN genome: None 
(ix) feature: None 
(X) PUBLICATION information: None 
(Xi) SEQUENCE description: SEQ ID NO: 2 

5 ' ctgccaagaggagaagaatg 

INFORMATION FOR SEQ ID NO: 3 

(i) SEQUENCE characteristics: 

(A) length: 34 

(B) TYPE: Nucleotide 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: DNA 

(Vii) IMMEDIATE source: Synthetically prepared 

(Viii) POSITION IN GENOME: None 
(ix) FEATURE: None 
(X) PUBLICATION INFORMATION: None 
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SEQUENCE description: SEQ ID NO: 3 

5.tgacgtccatcgtctctgcgaatgtctctccag;.tttca 

INFORMATION FOR SEQ ID NO: 4 

(i) SEQUENCE characteristics: 

(A) LENGTH: 20 

(B) TYPE: Nucleotide 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE type: DNA 

(vii) IMMEDIATE SOURCE: Synthetically prepared 
(viii) POSITION IN genome: None 
(ix) FEATURE: None 

(X) PUBLICATION information: None 
(^i) SEQUENCE DESCRIPTION: SEQ ID NO:4 
5 'TCGCGTTGCATAAGATCCGA 

INFORMATION FOR SEQ ID NO: 5 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleotide 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: DNA 

(,ii) IMMEDIATE SOURCE: Synthetically prepared 
(Viii) POSITION IN genome: None 
(ix) FEATURE: None 
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(X) PUBLICATION INFORMATION: None 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5 
5 ' CTTAACG/^GCTGCGGTCT 

INFORMATION FOR SEQ ID NO: 6 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

( B ) TYPE : Nucleotide 

(C) STRANDEDNESS: Single 

( D ) TOPOLOGY : Linear 

(ii) MOLECULE TYPE: DNA 

(vii) IMMEDIATE SOURCE: Synthetically prepared 
(viii) POSITION IN GENOME: None 
( ix ) FEATURE : None 

(X) PUBLICATION INFORMATION: None 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6 
5 ' TTCGAGCTCCAGTTAACGAG 

INFORMATION FOR SEQ ID NO: 7 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleotide 

( c ) STRANDEDNES S : S ingl e 
(D) TOPOLOGY: Linear 
(ii) MOLECULE TYPE: DNA 
(Vii) IMMEDIATE SOURCE: Synthetically prepared 
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(viii) POSITION IN GENOME: None 
( ix) FEATURE : None 

(X) PUBLICATION INFORMATION: None 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7 
5 ' TCTCTATGTCGGAAGAGCCA 

INFORMATION FOR .SEQ ID NO: 8 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

( B) TYPE : Nucleotide 

( c ) STRANDEDNESS : S ingl e 
(D) TOPOLOGY: Linear 
(ii) MOLECULE TYPE: DNA 
(vii) IMMEDIATE SOURCE: Synthetically prepared 
(viii) POSITION IN GENOME: None 
( ix ) FEATURE : None 

(X) PUBLICATION INFORMATION: None 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8 
' CATAATGCGGTCTCGATACG 



5 



INFORMATION FOR SEQ ID NO: 9 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

( B) TYPE : Nucleotide 

(C) STRANDEDNESS : Single 

( D) TOPOLOGY : Linear 
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(ii) MOLECULE TYPE: DNA 

(vii) IMMEDIATE SOURCE: Synthetically prepared 
(viii) POSITION IN GENOME: None 

(ix) FEATURE: None 

(X) PUBLICATION INFORMATION: None 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9 
5 ' ATTGCCGTCCGTAGGACTAA 

INFORMATION FOR SEQ ID NO: 10 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleotide 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(ii) MOLECULE TYPE: DNA 

(vii) IMMEDIATE SOURCE: Synthetically prepared 

(viii) POSITION IN GENOME: None 
( ix) FEATURE : None 

(X) PUBLICATION INFORMATION: None 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10 
5 'TCTATCACGGACTATCGGGA 

INFORMATION FOR SEQ ID NO: 11 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE : Nucleotide 
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(C) STRANDEDNESS: Single 

(D) TOPOIjOGY: Linear 
(ii) MOtECULE TYPE: DNA 

(,iij IMMEDIATE source: Synthetically prepared 
(Viii) POSITION IN genome: None 
(ix) feature: None 

PUBLICATION information: None 
SEQUENCE description: SEQ ID NO: 11 
5 ' TTGTCACAGGCACAATGTGC 



(X) 
(xi) 



INFORMATION FOR SEQ ID NO: 12 

(i) SEQUENCE characteristics: 

(A) LENGTH: 20 

(B) TYPE: Nucleotide 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: DNA 

(Vii) IMMEDIATE SOURCE: Synthetically prepared 
(Viii) POSITION IN genome: None 
(ix) FEATURE: None 

(X) PUBLICATION INFORMATION: None 
(Xi) SEQUENCE description: SEQ ID NO: 12 
5 ' CGAAGAGCCATGATGCTTCT 
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INFORMATION FOR SEQ ID NO: 13 

(i) SEQUENCE characteristics: 

(A) LENGTH: 20 

(B) TYPE: Nucleotide 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: DNA 

(vii) IMMEDIATE source: Synthetically prepared 
(viii) POSITION IN genome: None 
(ix) feature: None 

(X) PUBLICATION INFORMATION: None 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13 
5 ' AGACGTCGTCACGATTCTGA 

INFORMATION FOR SEQ ID NO: 14 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleotide 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: DNA 

(vii) IMMEDIATE source: Synthetically prepared 

(Viii) POSITION IN GENOME: None 

(ix) FEATURE: None 

(X) PUBLICATION INFORMATION: None 
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(Xi) SEQUENCE description: SEQ ID NO: 14 
5 / ACACGTGCGCCTGGAATTAT 

INFORMATION FOR SEQ ID NO: 15 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleotide 

(C) STRANDEDNESS : Single 

( D) TOPOLOGY : Linear 

(ii) MOLECULE TYPE: DNA 

(vii) IMMEDIATE SOURCE: Synthetically prepared 
(viii) POSITION IN GENOME: None 
( ix) FEATURE : None 
(X) PUBLICATION information: None 

(K) RELEVANT RESIDUES IN SEQ ID NO: 15: 
(Xi) SEQUENCE description: SEQ ID NO: 15 
5 ' CAGGTGCCATATAATGGTCC 

INFORMATION FOR SEQ ID NO: 16 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleotide 

(C) STRANDEDNESS: Single 

( D) TOPOLOGY : Linear 

(ii) MOLECULE TYPE: DNA 

(Vii) IMMEDIATE SOURCE: Synthetically prepared 
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(viii) POSITION IN GENOME: None 
(ix) FEATURE: None 

(X) PUBLICATION INFORMATION: None 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16 
5 'TGGCCATACCAGACTTTAGG 



INFORMATION FOR SEQ ID NO: 17 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

( B ) TYPE : Nucl eot ide 

(C) STRANDEDNESS : Single 

( D) TOPOLOGY : Linear 
MOLECULE TYPE: DNA 

IMMEDIATE SOURCE: Synthetically prepared 
POSITION IN GENOME: None 
FEATURE : None 

PUBLICATION INFORMATION : None 
SEQUENCE DESCRIPTION: SEQ ID NO: 17 
5 ' ATGGGCTCCTGCGTAAATCA 



(ii) 
(vii) 
(viii) 
(ix) 

(X) 

(xi) 



INFORMATION FOR SEQ ID NO: 18 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleotide _ 

( C ) STRANDEDNESS : S ingle 

( D) TOPOLOGY : Linear 
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(ii) MOLECULE TYPE: DNA 
(vii) IMMEDIATE SOURCE: Synthetically prepared 
(viii) POSITION IN GENOME: None 
(ix) FEATURE: None 

(X) PUBLICATION INFORMATION: None 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18 
5 ' AGTGCGCTCTCTTGAGCAAA 



INFORMATION FOR SEQ ID NO: 19 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

( B) TYPE : Nucleotide 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(ii) MOLECULE TYPE: DNA 

(vii) IMMEDIATE SOURCE: Synthetically prepared 
(viii) POSITION IN GENOME: None 
( ix ) FEATURE : None 

(X) PUBLICATION INFORMATION: None 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19 
5 ' ACTGTTACCGGTAACTGACG 



INFORMATION FOR SEQ ID NO: 20 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleotide 
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(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 
(ii) MOLECULE TYPE: DNA 

(vii) IMMEDIATE SOURCE: Synthetically prepared 
(viii) POSITION IN GENOME: None 

(ix) FEATURE: None 

(X) PUBLICATION INFORMATION: None 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20 
5 ' GATATACCATTCCAGGCGTG 

INFORMATION FOR SEQ ID NO: 21 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

( B) TYPE : Nucleotide 

(C) STRANDEDNESS: Single 

( D) TOPOLOGY : Linear 
(ii) MOLECULE TYPE: DNA 

(vii) IMMEDIATE SOURCE: Synthetically prepared 

(viii) POSITION IN GENOME: None 
(ix) FEATURE: None 

(X) PUBLICATION INFORMATION: None 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21 
5 'TCCGGCTCATGGTAG7ATAC 
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INFORMATION FOR SEQ ID NO: 22 

( i ) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 20 

{ B) TYPE : Nucleotide 

( C ) STRANDEDNESS : S ingle 

(D) TOPOLOGY: Linear 
(ii) MOLECULE TYPE: DNA 

(vii) IMMEDIATE SOURCE: Synthetically prepared 
(viii) POSITION IN GENOME: None 

( ix) FEATURE : None 

(X) PUBLICATION INFORMATION: None 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22 
5 ' CTTACAATATCCGGCGTGGA 

INFORMATION FOR SEQ ID NO: 23 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

( B) TYPE : Nucleotide 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: DNA 

(vii) IMMEDIATE SOURCE: Synthetically prepared 

(viii) POSITION IN GENOME: None 
( ix) FEATURE : None 

(X) PUBLICATION INFORMATION: None 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23 
5 ' GGGTATTCTCGACCAATCAG 

INFORMATION FOR SEQ ID NO: 24 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleotide 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 
(ii) MOLECULE TYPE: DNA 

(vii) IMMEDIATE SOURCE: Synthetically prepared 
(viii) POSITION IN GENOME: None 
( ix) FEATURE : None 

(X) PUBLICATION INFORMATION: None 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24 
5 ' AAATTTTTTTGGGCCCCCCC 



INFORMATION FOR SEQ ID NO: 25 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

( B) TYPE : Nucleotide 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(ii) MOLECULE TYPE: DNA 

(vii) IMMEDIATE SOURCE: Synthetically prepared 
fviii) POSITION IN GENOME: None 
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(ix) FEATURE: None 

(X) PUBLICATION INFORMATION: None 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25 
5 ' GGGGGGGCCCAAAAAATTTT) . 
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CLAIMS : 

1. A primer having a 3' portion complementary to 
a target nucleic acid sequence adjacent to at least 
one specific nucleotide which may or may not be 
present in a sample and a 5' portion complementairir to 
a preselected nucleotide sequence, 

2. -A method for detecting the presence or 
absence of a target nucleic acid sequence in a 
sample, said method comprising 

(i) adding to said sample an oligonucleotide 
primer to provide a primer extension product 
including said target sequence, if present, in said 

sample, 

said primer having 

a 3' end portion complementary to a portion 
of said target sequence immediately adjacent at 
least one specific nucleotide to provide an 
extension product of said primer which includes 
said specific nucleotide, and 

a 5' end portion complementary to a 
preselected nucleic acid sequence different from 
said target sequence; 

(ii) adding to the product of step (i) a DNA 
polymerase and one or more labeled deoxynucleoside 
triphosphates to provide a labeled extension product 
of said primer which includes said target sequence 
and said specific nucleotide if present; 

(iii) subjecting said labeled primer extension 
product to hybridization conditions with a 
preselected nucleic acid sequence complementary to 
the 5' end portion of said primer; and 

(iv) determining whether hybridization occurs. 
3. The method according to claim 2 wherein said 

sample may contain a plurality of target sequences 
and wherein said sample is subjected to polymerase 
chain reaction amplification with at least one pair 



wo 93/25563 PCr/US92/05133 

-34- 

of oligonucleotide primers for two or more of said 

target sequences. 

4. The method according to claim 2 wherein said 
nucleic acid target sequences are alleles of one 
another, the 3' portion of said primer is positiohea 
immediately adjacent to the variant nucleotide 
responsible for the allelism, and said primer 
extension reactions are independently performed with 
each of the four deoxynuoleoside triphosphates such 
that only one primer extension reaction will occur 
for each of said alleles, said deoxynuoleoside 
triphosphate being labeled whereby a single labeled 
primer extension product is produced for each of said 
alleles. 
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1 / A 

COMPLEMENTARY TO 
PRESELECTED NUCLEIC 
ACID 



COMPLEMENTARY^fb 
TARGET NUCLEIC ACID 



FIG. I 



— A: 

or C 



'LOCUS WITH TV/0 ALLELES 



1 



AMPLIFICATION 



ALLELE 1 



ALLELE 2 

I ALLELE SPECIFIC PRIMER 
1 EXTENSION WITH NOVEL 



' PRIMER 



dTTP^ 



.dGTP* 



T* 



NO PRODUCT NO PRODUCT 
dATP^dCTP dATP^CTP 
or dGTP or dHP 



LABELED PRODUCT 
Of ALLELE 1 



FIG. 2 



LABELED PRODUCT 
of ALLELE 2 



SUBSTITUTE SHEET 
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2 /A 



2 3 4 5 



a 
b 

c 
d 
e 
f 

9 

h 
i 
j 



EXAMPLE: 
Oa GATCTT. 
lb CATGTT. 
3J GTTCTT. 
^d 6ATCGT. 
2a AATCCT. 



1 EACH LOCATION OF THE ARRAY CONTAINS A UNIQUE 
PRESELECTS NUCLEIC ACID SEQUENCE. 

2. THE GRID CAN BE ANY SIZE. SHAPE AND ORGANIZATION. 

7 THF PRFSFLECTED NUCLEIC ACID SEQUENCE CAN BE^FROM 
ANY SOURCE AND OF ANY LENGTH. PREFERRABLY THE PRE- 
SELECTED NUCLEIC ACID SEQUENCE IS A SYNTHETIC 
OLIGONUCLEOTIDE 15-25 NUCLEOTIDES LONG. 



FIG. 3 



©URSTITUTE SHEET 
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Individual: 



1 2345 6789 10 




Genotype: GG GT GT GT GT GG GT GG GG GT 

LOCUS: TYR 

FIG. 5 
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